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Geography 
 
 
 
 
"Geography is the study of earth as the home of people."   
 
 
Yi-Fu Tuan, 1991 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Geography 
Physical 
Geography 
Human  
Geography 
Geo-informatics Where does climate 
change research 
(mitigation and 
adaptation) fit in? 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
“Human Geography lacks 
quantitative rigor.” 
“Physical Geography is 
philosophically naïve.” 
Geography 
Physical 
Geography 
Human  
Geography 
Geo-informatics 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Geography and Climate Change 
 Humans are influencing the physics and chemistry of Earth’s climate 
 “Most of the observed increase in global average temperatures since the mid-20th century 
is very likely due to the observed increase in anthropogenic greenhouse gas 
concentrations.”  - IPCC AR4 
 
 Humanity is sustained by constrained by the physical system.  
 “The human mind, so frail, so perishable, so full of inexhaustible dreams and hungers, 
burns by the power of a leaf.” - Loren Eisley,  Anthropologist  
 
 Understand these relationships requires constant monitoring and sophisticated 
spatial tools. 
 “Climate change is a geographic problem,  and we believe solving it takes a geographic 
solution.  GIS users represent a vast reservoir of knowledge, expertise, and best practices in 
applying this cornerstone technology to the science of climate change and understanding 
its impact on natural and human systems.”- Jack Dangermond,  founder of ESRI 
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Geography and CC 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Spatial 
Regional 
Human-
Environment 
Interaction 
Earth 
Science 
Climate 
Change 
4 Geographic Traditions 
William D. Pattison, 1963 
What is driving 
climate change, 
where are the 
resources, 
where are the 
potential, where 
are the impacts? 
Which regions 
are impacted by 
CC? How will 
they respond 
and adapt? 
Where are the 
physical linkages 
in the Earth 
System? What is 
the climate 
sensitivity? 
What is the link 
between the 
economy, 
energy, and the 
environment? 
What are the 
social drivers to 
CC? 
Climate Change Research 
 What should we do? 
“Are you saving the world, or just tracking its slow, steady destruction?” 
This is a normative question; a question of science-informed policy 
 1. Mitigation: Create an international policy to reduce 
greenhouse gas emissions 
 
 2. Low Carbon Energy Development: Replace fossil fuels with 
climate friendlier alternatives 
 
 3. Adaptation: Build more resilient societies to lessen the 
impacts from climate change 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Differences between physical 
science and policy analysis 
For policy analysis to make sense, we 
have two philosophical assumptions: 
 
1. Non-Determinism: 
 If we assume that whatever is going to happen is 
already predestined, then policy has no role. We 
have to assume that policy has the power to 
change the course we are on. 
 
2. Non-Nihilism: 
 We have to assume that some outcomes are 
better than others and that there exists a criteria 
for deciding between the different outcomes. If 
not, policy again would have no purpose because 
every possible future would be equally desirable. 
 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
The Time Dimension 
 How do we represent future hypothetical states and risk in models? 
 How do we model future human behavior on a societal level? 
 How do we know what future generations will value? 
 What is the role of policy vis-a-vis climate change? 
 Humans make decisions and act; we are a dynamic and non-deterministic 
system 
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babypicturesphotos.com 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Science and Policy Analysis 
 Challenges of modeling the future (validation): 
 Is it possible for a model to predict the future in a human 
system? 
 Is it possible to test the model by running from a past date 
to the present? 
 
 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Studying the Future:  
 A Science of Scenarios 
 Not predictions or forecasts for the future!  
 Rather, plausible storylines and hypothetical futures 
 Bracket sets of outcomes- sensitivity 
 Answer specific questions, holding constant a set of 
assumptions  
 Allow for strategic planning and decision making when 
facing uncertainty 
 “Climate scientists have become, ipso facto, social 
scientists.” (Wainwright, 2010) 
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Scenario Development Process 
Define Focal 
Question 
Identify 
Driving Forces 
Identify 
Critical 
Uncertainties 
Create 
Plausible 
Storylines 
Analyze 
Implications 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Science and Policy Analysis 
 How do we avoid “dangerous climate change” in the 
most economically efficient way? 
 
 How important is a technology or resource in 
addressing climate change, sustainable development, 
and energy security relative to other options? 
 
 What are the extent of anticipated climate change 
impacts and the potential effectiveness of adaptation 
measures? 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Example Questions from Scenario Analysis 
 How do we avoid “dangerous climate change” in the most economically 
efficient way? 
 
 How important is a technology or resource in addressing climate change, 
sustainable development,  and energy security relative to other options? 
 
 What are the extent of anticipated climate change impacts and the 
potential effectiveness of adaptation measures? 
 
 What will be the value of the Euro in 2050? 
 
 Where will resource conflicts occur in the future? 
 
 Who will win the EuroCup? 
 
 
 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Outline 
 0. Geography within Climate Science and Policy Analysis 
 
 1. Climate Change Mitigation 
 
 2. Renewable Energy Potential:  Municipal Residue 
Biomass 
 
 3. Climate Change Impacts, Adaptation, and Decision 
Making 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Part 1. 
Climate Change Mitigation 
How do we avoid “dangerous climate change” in the most 
economically efficient way? 
 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Integrated Assessment Models (IAMs) 
 Interdisciplinary (Integrated) 
 Policy Relevant (Assessment)  
 Tradeoffs between completeness vs. complexity 
(Modeling) 
 Global and long-term (Climate change)  
 Economic Optimization (Aggregate human drivers) 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Integrated Assessment Models (IAMs) 
 Framework for understanding climate change, taking into 
account economics, demographics, policy, technology, and 
other human factors. 
 
 Regional information on population, economy, energy 
demand, resources 
 
 Different policy scenarios and market dynamics. 
 
 Built in climate model built in that can estimate GHG 
concentrations, radiative forcing, temperature, sea level 
rise, etc. 
 
 Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
TIAM: TIMES Integrated Assessment Model 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
IAM Structure example: TIAM 
GCAM: Global Change Assessment Model 
MiniCAM Regions
USA
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Japan
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Middle East
Africa
Latin America
Southeast Asia
Eastern Europe
South Korea
India
GCAM Regions 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
IAM Structure Example: GCAM 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
•Subsides  
•Taxes 
•Regulation 
Commercial 
Bioenergy 
IAM Economic Optimization 
Perfect foresight 
(Inter-temporal optimization) 
Myopic 
(Dynamic-recursive) 
28 29 30 31 3203 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Model horizon
Milestoneyear
Period
28 29 30 31 32
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Run1
Run 2
Run 3
Run 4
Run 5
Run 6
One optimization run over entire horizon 
Sequence of model runs 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
e.g. TIAM 
e.g. GCAM 

Analyzing Possible Climate Policy Regimes 
 What is the effect of a global policy versus partial agreement?  
 What is the effect of multiple carbon markets? 
 
5 Scenarios: 
 
1. Reference (no price for carbon) 
2. Full agreement, single global carbon market 
3. Full agreement, two carbon markets  
  (developed, developing world) 
4. Partial agreement, single carbon market 
5. Partial agreement, two carbon markets  
  (developed, developing world) 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
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Single Policy 
Conclusion 
 One market versus two makes very little difference 
 Full participation versus partial participation makes an 
enormous difference in energy portfolios and CC 
mitigation 
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Part 2. Renewable Energy Potential: 
Municipal Residue Biomass 
How important is a technology or resource in addressing climate change, 
sustainable development, and energy security relative to other options? 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Haydn West 
Definition 
Municipal Residue Biomass (MRB) 
 
= 
 
Biomass Proportion of Municipal Solid Waste (MSW) 
 
= 
 
Garbage 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Benefits of Energy from  
Municipal Residue Biomass (MRB) 
MRB: 
 is already collected and aggregated in urban centers 
where energy demands are high 
 increases with population and affluence 
 is a non-seasonal source of biomass  
 (potential biofuel feedstock) 
 as Waste to Energy, reduces demand for landfills in 
urban areas & GHG emissions 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
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 How much biomass waste is there (food, wood, and 
paper)? 
 How does it vary across the world and change as 
economies develop? 
 What effect does a carbon policy have on waste-to-
energy utilization? 
Method 
For each country/ region: 
 Consumption =  
  Production + Imports – Exports – Changes in Stock 
 Life ~Γ(mean lifetime ,1) 
 pservice: proportion of the population have MSW collection 
service 
 pMRB: proportion of the waste that is discarded into MRB 
stream (vs. littered, lost, user-recovered, user-burned) 
 precover: proportion of MRB that is recycled,  
 composted, or reused by the municipality 
 
 
Resource Production Consumption 
Exports Stockpile 
Imports 
Life 
Discard 
Recovery 
Waste 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
In Formula Form 
 Collected Biomass Residue =  
  Discarded Biomass × pservice × pMRB × (1 - precover) 
  
 
 
 
 
 
 
 
 
Statistical Fits: Logistic Equations 
 p = min + (max – min) × PPPb 
          midPPPb + PPPb 
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Per Capita GNI (PPP) (2007$) 
Food Wastage (pMRB) 
Data Sources: FAO, World Bank (1980-2003) 
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A Tonne of Waste… 
 can be buried in a landfill  
 decomposing into 1800 kg of CO2-eq (GWP) CH4 and CO2 
emissions. 
   OR 
 can be converted into about  
 8 GJ of energy  
 resulting in only  
 640 kg of CO2 emissions 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
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$3/GJ biomass = 
 
~$60/tonne switchgrass 
 
~$20/bbl crude oil 
 
~30¢/therm natural gas  
 
~$70/tonne coal 
 
Current Prices: 
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Summary & Conclusions 
 MSW collection service develops relatively quickly as per capita 
wealth increases 
 Recycling comes later; paper recycling before food composting 
 Per capita collected waste biomass first increases (increasing 
consumption, more access to service),  
 then decreases  
 (more technology to reduce and  
 recover waste)  
 as wealth increases 
 A carbon policy incentivizes  
 waste-to-energy as an early  
 and inexpensive mitigation strategy 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Part 3. Climate Change Impacts, 
Adaptation, and Decision Making 
What are the extent of anticipated climate change impacts and 
the potential effectiveness of adaptation measures? 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Impacts, Adaptation, and Decision Making 
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Metroeconomica, 2004: Costing the impacts of climate  
change in the UK. UKCIP Technical Report. UKCIP, Oxford 
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Impacts, Adaptation, and Decision Making 
Adapted from: 
Metroeconomica, 2004: Costing the impacts of climate  
change in the UK. UKCIP Technical Report. UKCIP, Oxford 
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Adaptation Strategies and Decision Making: 
Actors and Process 
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Decision 
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Impact 
Assessment The value function is dependent 
on the decision maker. Therefore, 
while the matrix can help clarify a 
decision, it cannot “tell us what 
we should do.” It is not normative. 
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 Impact Assessment 
 
 
 Decision Support Matrix 
 
 
 Adaptation Decisions are Based Upon: 
 damage assessments 
 weighting of impacts 
 attitudes toward risk 
 parallel/competing goals with  
     existing and concurrent policies 
 predefined non-negotiable constraints 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Whose decision is it, anyway? 
Should adaptation be the responsibility of the state,  
the municipality, the community, or the individual? 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Impact Assessment 
 Goal:  
 identify impacted areas 
 highlight key uncertainties 
 inform decision makers on which adaptation options make 
sense  
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Identifying Risk Areas: 
How are These Defined? 
 Climate change can increase the probability of a number of 
different impacts 
 
 How do we select 
   the impacts of  
   interest? 
 
 How do we assess  
   these? 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Identifying Risks and Impacts 
Impact Physical measure Direct Cost 
Additional 
Consequences  
Flooding of basement in 
houses 
Number of houses and 
area 
Repair Loss of irreplaceable 
objects 
Erosion of road Distance of road Repair Traffic congestion and 
delay 
Illness from water 
pollution 
Number of person days 
with sickness 
Lost salary,  
Lost productivity 
General loss of wellbeing 
loss of life 
Flooding of local lake Impacts on life in the lake 
water level 
Clean up, restoration Esthetic value,  
loss of recreational area 
illness  
Flooding of unique 
historical building 
Physical character of the 
building 
Repair and replacement Esthetic values 
Traffic delay Time Lost salary,  
Lost productivity  
Worker morale,  
lost time for leisure 
Loss of recreational areas Area inundated Reparation, clean up, 
replacement 
Lost leisure, 
visual amenity 
etc. 
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Causal Chain of Impacts 
 
Climate Change 
Global sea level rise Increased probability 
of storm surges 
Increased 
probability of 
extreme 
precipitation events 
Increased probability of urban flooding Sewer Damage 
Basement flooding 
House flooding Building flooding 
Power line damage 
Increased fire risk 
Loss of productivity 
Traffic delays 
Road damage Loss of 
recreational 
areas 
Loss of visual 
amenity 
Human 
health and 
morality 
Environmental 
damage 
Property loss 
Resettlement 
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Climate Change 
Global sea level rise Increased probability 
of storm surges 
Increased 
probability of 
extreme 
precipitation events 
Increased probability of urban flooding Sewer Damage 
Basement flooding 
House flooding Building flooding 
Power line damage 
Increased fire risk 
Loss of productivity 
Traffic delays 
Road damage Loss of 
recreational 
areas 
Loss of visual 
amenity 
Human 
health and 
morality 
Environmental 
damage 
Property loss 
Resettlement 
Improve filtering and 
runoff 
Wetland restoration 
Manage riparian zones 
Improve infiltration 
network 
Improve emergency response 
Resilient power lines Retrofit buildings 
Improve Sewer 
Improve evacuation 
routes 
Dams, dykes, levees, 
sewer 
Mapping Adaptation Options 
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Impact Assessment within the Decision 
Making Framework 
Decision Support Matrix: A systematic way of comparing available choices and 
options (rows) on the basis of a set of criteria (columns) associated with each 
hypothetical outcome 
 Adaptation 
option 
Cost of 
imple-
mentating 
option i 
Impact a, 
given option 
i 
Preference 
factor for 
impact a 
Impact b, 
given option 
i 
Preference 
factor for 
impact b 
... 
Proba-
bility of 
extreme 
event  
Damage 
OR 0 aR= a|OR wa bR= b|OR wb ... p(xR) 
V(OR) = p(xR)* 
(wa*aR + wb* bR+...) 
O0 0 a0= a|O0 wa b0= b|O0 wb ... p(x) 
V(O0) = p(x)*(wa*a0 + wb* 
b0+...) - V(OR) 
O1 C(O1) a1= a|O1 wa b1= b|O1 wb ... p(x) 
C(O1)+p(x)* 
(wa*a1 + wb* b1+...)- V(O0)  
O2 C(O2) a2= a|O2 wa b2= b|O2 wb ... p(x) 
C(O2)+p(x)* 
(wa*a2 + wb* b2+...)- V(O0)  
O3 C(O3) a3= a|O3 wa b3= b|O3 wb ... p(x) 
C(O3)+p(x)* 
(wa*a3 + wb* b3+...)- V(O0) 
: : : : : : .:. : : 
On C(On) an= a|On wa bn= b|On wb ... p(x) 
C(On)+p(x)* 
(wa*an + wn* bn+...)- V(O0)  
reference scenario, no climate change 
climate change scenario damage from climate change 
adaptation options, given climate change scenario 
from the climate model 
Technical University of Denmark Climate Center, Risø National Laboratory for Sustainable Energy 
Which Adaptation Options? 
 How do the various adaptation options relate to the 
different damage categories? 
 e.g., expanding sewage pipes may protect more than just 
buildings 
 e.g., a focus on protecting a church may at the same time be a 
solution that will protect the adjacent buildings 
 Each adaptation option is analyzed in the decision matrix. 
 
 Adaptation 
option 
Cost of 
imple-
mentating 
option i 
Impact a, 
given option 
i 
Preference 
factor for 
impact a 
Impact b, 
given option 
i 
Preference 
factor for 
impact b 
... 
Proba-
bility of 
extreme 
event  
Damage 
O1 C(O1) a1= a|O1 wa b1= b|O1 wb ... p(x) 
C(O1)+p(x)* 
(wa*a1 + wb* b1+...)- V(O0)  
O2 C(O2) a2= a|O2 wa b2= b|O2 wb ... p(x) 
C(O2)+p(x)* 
(wa*a2 + wb* b2+...)- V(O0)  
: : : : : : .:. : : 
On C(On) an= a|On wa bn= b|On wb ... p(x) 
C(On)+p(x)* 
(wa*an + wn* bn+...)- V(O0)  
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Risk Aversion Factor 
 Index value that reflects a risk aversion factor  
 
 Different factors are applied to different damage 
elements or applied in general to the whole function. 
 
Risk Averse Risk Neutral Risk Affine 
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Establishing Decision Making Criteria 
 Different sets of values and assumptions about the future 
will result in different “optimal” decisions. In other words, 
there is no optimal decision. 
 
 Different decisions makers will come to different 
decisions based upon attitudes toward risk, weighing of 
impacts, predefined non-negotiable constraints, and 
parallel/competing goals with existing and concurrent 
policies 
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Decision Support Matrix 
 Goal: 
 clarify the decision making process 
 identify critical assumptions 
 determine how different a priori values can influence the 
decision outcome 
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Building a Decision Support Matrix 
Cost of 
implementation 
Cost of climate 
event, given 
adaptation choice 
p(extreme event) Expected Cost 
Nothing 0 500 .16 0+500*.16= 80 
adaptation level 1 10 50 .16 10+50*.16= 18 
adaptation level 2  20 20 .16 20+20*.16=23.2 
adaptation level 3 100 10 .16 100+10*.16=101.6 
Consider a simple case, with one impact, and 
one adaptation option with 3 different levels of 
deployment. E.g., cost of building damage due to 
flooding versus building a sea wall at different 
heights. 
Decision Maker: Can we provide more information on 
risk? How extreme is extreme? 
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Building a Decision Support Matrix 
Cost of 
implementation 
Cost of 10 
year climate 
event, given 
adaptation 
choice 
p(10 yr 
event) 
Cost of 20 
year climate 
event, given 
adaptation 
choice 
p(20 yr 
event) 
Cost of 100 
year climate 
event, given 
adaptation 
choice 
p(100 yr 
event) 
Expected Cost 
Nothing 0 500 .1 1000 .05 50000 .01 600 
adaptation level 1 10 50 .1 500 .05 10000 .01 140 
adaptation level 2  20 20 .1 200 .05 5000 .01 82 
adaptation level 3 100 10 .1 100 .05 1000 .01 116 
Now we add a more detailed description of risk, with a 10-year event, 20-year 
event and 100-year event.  
In reality, this would be a continuous probability distribution, and we could 
integrate to find the expected cost.  
Decision Maker: What if I want to consider two different 
adaptation options? 
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Building a Decision Support Matrix 
Now we add two different options, at 3 discrete levels, and all the permutations.  
In reality, these would be a joint distribution.  
Cost of 
implementation 
Cost of 10 year 
climate event, given 
adaptation choice 
p(10 yr event) Cost of 20 year 
climate event, 
given adaptation 
choice 
p(20 yr event) Cost of 100 year 
climate event, given 
adaptation choice 
p(100 yr event) Expected Cost 
Nothing 0 500 0.1 1000 0.05 50000 0.01 600 
Sea wall level 1 10 50 0.1 500 0.05 10000 0.01 140 
Sea wall level 2  20 20 0.1 200 0.05 5000 0.01 82 
Sea wall level 3 100 10 0.1 100 0.05 1000 0.01 116 
Park level 1 1 400 0.1 900 0.05 40000 0.01 486 
Park level 2 5 300 0.1 800 0.05 9000 0.01 165 
Park level 3 10 200 0.1 700 0.05 4000 0.01 105 
SW 1, park 1 11 40 0.1 400 0.05 4000 0.01 75 
SW2, park 1 21 15 0.1 150 0.05 1500 0.01 45 
SW 3, park 1 101 8 0.1 80 0.05 800 0.01 113.8 
SW 1, park 2 5 30 0.1 300 0.05 3000 0.01 53 
SW 2, park 2 25 12 0.1 120 0.05 1200 0.01 44.2 
SW 3, park 2 105 5 0.1 50 0.05 500 0.01 113 
SW 1, park 3 20 10 0.1 100 0.05 1000 0.01 36 
SW 2, park 3 30 5 0.1 50 0.05 500 0.01 38 
SW 3, park 3 110 2 0.1 20 0.05 200 0.01 113.2 
Decision Maker: What if I want to consider more 
than one type of impact, each with different units? 
Building a Decision Support Matrix 
Now we add two impacts, with different cost units (e.g., one monetary, one non-monetary) 
Cost of 
implement
ation 
Cost of 10 year climate 
event, given adaptation 
choice 
p(10 yr event) Cost of 20 year climate 
event, given adaptation 
choice 
p(20 yr event) Cost of 100 year climate 
event, given adaptation 
choice 
p(100 yr event) Expected Cost 
Nothing 0 500 30 0.1 1000 50 0.05 50000 100 0.01 600 6.5 
Sea wall level 1 10 50 1 0.1 500 5 0.05 10000 15 0.01 140 10.5 
Sea wall level 2  20 20 0 0.1 200 2 0.05 5000 10 0.01 82 20.2 
Sea wall level 3 100 10 0 0.1 100 0 0.05 1000 5 0.01 116 100.1 
Park level 1 1 400 1 0.1 900 5 0.05 40000 20 0.01 486 1.55 
Park level 2 5 300 0 0.1 800 2 0.05 9000 10 0.01 165 5.2 
Park level 3 10 200 0 0.1 700 0 0.05 4000 9 0.01 105 10.09 
SW 1, park 1 11 40 0 0.1 400 3 0.05 4000 10 0.01 75 11.25 
SW2, park 1 21 15 0 0.1 150 1 0.05 1500 6 0.01 45 21.11 
SW 3, park 1 101 8 0 0.1 80 1 0.05 800 4 0.01 113.8 101.1 
SW 1, park 2 5 30 0 0.1 300 1 0.05 3000 8 0.01 53 5.13 
SW 2, park 2 25 12 0 0.1 120 0 0.05 1200 5 0.01 44.2 25.05 
SW 3, park 2 105 5 0 0.1 50 0 0.05 500 3 0.01 113 105 
SW 1, park 3 20 10 0 0.1 100 1 0.05 1000 6 0.01 36 20.11 
SW 2, park 3 30 5 0 0.1 50 0 0.05 500 2 0.01 38 30.02 
SW 3, park 3 110 2 0 0.1 20 0 0.05 200 1 0.01 113.2 110 
Decision Maker: How do I decide between the two expected 
costs? What level of risk is acceptable across all variables? 
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Building a Decision Support Matrix 
x11
x12
x13
x14
W(x)
x10
x20
x30
x40
X1
X2
X3
X4
X0
x10
x10
x10
x10
X1 W(X1, α (A1))
Value Function Altered State Original State Preference 
 Function 
Impacts 
Risk = cost x p(event) 
 
Hypothetical 
Adaptation 
Choice 
Value Weights- 
importance,  
constraints, 
previous policies 
Hypothetical Decision Support Matrix 
Reference 
Outcome 1 
(current 
state, no 
CC) 
Reference 
Outcome 2 
(current 
trend, no 
CC) 
Impact 1 
Outcome  
(with CC) 
Impact 2 
Outcome  
(with CC) 
... Impact i 
Outcome  
(with CC) 
no 
adaptation 
baseline 
reference 
scenario 
projected 
reference 
scenario 
scenario 0 
outcome 1 
Scenario 0 
outcome 2 
... scenario 0 
outcome i 
Adaptation 
option 1 
X X Scenario 1 
outcome 1 
Scenario 1 
outcome 2 
... Scenario 1 
outcome i 
Adaptation 
option 2 
X X Scenario 2 
outcome 1 
Scenario 2 
outcome 2 
... Scenario 2 
outcome i 
: : : : : : : 
multiple 
adaptation 
options  
(1,2, ...)  
X X Scenario p1 
outcome 1 
Scenario p1 
outcome 2 
... Scenario p1 
outcome i 
multiple 
adaptation 
options  
(1,2, ...)  
X X Scenario p2 
outcome 1 
Scenario p2 
outcome 2 
... Scenario p2 
outcome i 
: : : : : : : 
all 
adaptation 
options 
X X Scenario F 
outcome 1 
Scenario F 
outcome 2 
... Scenario F 
outcome i 
CC= Climate change 
W(x)
X1
X2
X3
X4
W(X1, α (A1))
These scenarios are added to determine the 
severity of CC impacts and to give a framework for 
understanding costs and benefits of adaptation 
Example 
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Case Area – Central Århus City 
 
•Vor Frue Church 
•Aarhus Cathedral Church 
•Viking Museum 
•Roads 
•Pedestrian streets 
•Residential/public buildings 
•Shopping 
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No 
Flo
odi
ng 
100 year event 
with NO CC 
Reference (OR) 
100 year event 
with CC (O0) 
Flooding extent 
Decomposition of Damage Elements 
 Alternative preferences create different damage 
estimates, based on the values of decision maker 
 Buildings: Cost of repair versus willingness to pay for avoiding 
damage (including all welfare losses by consumers) 
 Historical heritage (repair costs versus intrinsic value) 
 Transportation (cost of lost productivity to the local economy) 
 Children’s health (health costs, parents remaining home, 
social/political value, ethics) 
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Economic Cost Estimates 
Traffic
Lost time Low 150 
Dkk/hr
High 150 
Buidlings
Cost pr. basement flooded 
Low 20,000 
Dkk
High 40,000 
Cost pr. house flooded
Low 300,000 
High 600,000 
Vor frue Church
Cost of flooding
Low 10,000,000 
Dkk
High 20,000,000 
Århus Cathedral church
Cost of flooding
Low 2,000,000 
Dkk
High 4,000,000 
Viking museum
Cost of flooding
Low 2,000,000 
Dkk
High 4,000,000 
Health cost
Average salary pr. day 1,200 Dkk
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14%
6%
9%
49%
10%
10%
2%
Traffic
Cost pr. basement flooded 
Cost pr. house flooded
Vor frue Church
Århus Cathedral church
Viking museum
Health cost
15%
5%
8%
51%
10%
10%
1%
15%
4%
6%
53%
11%
11%
0%
Evaluation of the Impacts 
Damage (Reference Scenario) Damage (CC Scenario) Damage (Difference) 
-
5,000,000 
10,000,000 
15,000,000 
20,000,000 
25,000,000 
Traff ic (time 
loss)
Buildings Basements Vor frue Church Aarhus Cath 
church
Vikingemuseet "Health" cost
D
K
K
Impact
Damage from flooding eventNo climate change (Reference)
Climate change
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Impacts: How do we weigh these? 
Von Frue Kirke: Oldest Existent Stone  
Crypt in Scandinavia 
c. 1060 
Århus Domkirke: Numerous 
Frescos 
c. 1300-1500 
Baroque Organ:  
Largest Church  
Organ in DK 
Viking Museum: 
Archaeological Site 
Kindergarten: 
Very new things 
Effect of Different Weighting Functions 
-
2,000,000 
4,000,000 
6,000,000 
8,000,000 
10,000,000 
Traff ic (time loss) Basements Buildings Vor frue Church Århus Cathedral Vikingemuseet Health
A
rb
it
ra
ry
  U
ni
ts
Impact
Damage from flooding eventNo climate change (Reference)
-
5,000,000 
10,000,000 
15,000,000 
20,000,000 
25,000,000 
Traff ic (time 
loss)
Basements Buildings Vor frue Church Århus Cathedral Vikingemuseet Health
A
rb
it
ra
ry
  U
ni
ts
Impact
Damage from flooding eventNo climate change (Reference)Climate change
300% 100% 50% 50% 50% 50% 100%
50% 100% 50% 25% 25% 50% 400%
W1(x) 
W2(x) 
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Uncertainty: Århus in the Future 
Århus 2009 municipal plan: In the next 20 years: 
 +50,000 jobs 
 +10,000-15,000 students  
 +75,000 population  
 The council has made environmental and social sustainability a 
priority in it vision for the future. 
 
 How does this affect the  
 analysis of future impacts? 
 
 How does this change the  
   decision making criteria? 
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Conclusions 
 Impact assessment seeks to: 
 quantify the damage to a set of areas that are of concern 
 show the additional impacts anticipated from a changing 
climate and highlight uncertainties 
 narrow down the list of adaptation options that can best 
reduce the damage from multiple impact dimensions 
The Role of Geography in Climate Change 
 Debate: 
 Balling (2000) “The entire global warming/greenhouse issue is 
perfectly suited to our discipline” 
 Demeritt (2009) We shouldn’t “over-emphasize the unique 
pedigree and potential of geography as a synthetic 
environmental science” 
 Smith (2008), Turner (2002), Hobson (2008), Hulme (2008), 
Hardin (2010), Wainright (2010)... 
 
 meanwhile...   
Geographers are doing the research 
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